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Secondary outcome measures should assure
that complications, initial clinical and angio-
graphic results remain unchanged. Independent
data safety and monitoring committees are cru-
cial to the credibility of trials and to ensure sci-
entific rigor and objectivity.

The scientific demonstration of an improved
long-term efficacy, without significant compro-
mise regarding safety, is mandatory before con-
sidering the widespread use of a new embolic de-
vice for the endovascular treatment of aneurysms.

Introduction

Endovascular treatment with platinum coils
is safe and effective in preventing rebleeding in
the acute phase after subarachnoid haemor-
rhage; it is now the preferred method of treat-
ment in many centers, because it can improve
the outcome of patients at one year compared
to surgical clipping 1-5. While treatment of rup-
tured aneurysms is imperative to prevent re-
bleeding, the management of unruptured aneu-
rysms remains controversial, because of a low
annual risk of haemorrhage and a high surgical
risk 6,7. With the availability of non-invasive
cerebral imaging, unruptured aneurysms are in-
creasingly being discovered during the investi-
gation of unrelated symptoms. An effective en-
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dovascular treatment could offer a less morbid
alternative to surgical treatment of unruptured
aneurysms and thus prevent the morbidity as-
sociated with SAH 7-10. Unfortunately, endovas-
cular treatment is frequently incomplete and
may lead to angiographic recurrences in 10 to
20% of patients, sometimes necessitating re-
treatment, or causing a genuine concern for fu-
ture haemorrhages, which have occurred in less
than 1% of patients 11-17.

This drawback is the main reason why many
patients, particularly in North America are still
being treated by surgical clipping after cran-
iotomy, a more invasive but often more defini-
tive treatment modality 16. There is no doubt
that aneurysm rests and recurrences are more
frequent after endovascular treatment than af-
ter surgical clipping. The magnitude and clinical
significance of this important drawback of en-
dovascular treatment are still poorly docu-
mented because most series have followed a
limited number of patients for relatively short
periods 11-17. We prospectively collected all cases
treated by endovascular coiling since our first
patients in 1992 11. Major recurrences, defined
as sizable angiographic recurrences that ideally
would need retreatment, appeared in 20.7% at
a mean of 16 months (figure 1).

The clinical consequences of these angio-
graphic recurrences remained limited however:
Three patients or 0.8% (95% confidence inter-
val: 0.2-2%) bled during a mean clinical follow-
up period of 31 ± 3 months. This number trans-
lates into an annual haemorrhagic risk of 0.3%
(0.08-1%). Others have shown haemorrhagic
risks of the same magnitude 11-17. After the first
year of follow-up of the ISAT trial, rebleeding
occurred in 0,16% of patients/year 3. The rela-
tively low risk of rebleeding beyond the acute
phase is not unexpected considering that, in the
past, patients managed conservatively after a
rupture had a yearly risk of haemorrage of 2-
4%, if they survived the first six months 18. Re-
garding current treatment options, as well as
coil modifications that may be proposed to im-
prove long-term results of coil embolization,
the relevant question is how much risks are
worth taking immediately to prevent a poten-
tial angiographic recurrence in the future? 11,19.

Many technical advances proposed since the
introduction of detachable coils have subjec-
tively improved the success of endovascular in-
terventions. New microcatheters permit to re-
ach with ease and in all locations aneurysms

that are better defined by 3-D angiography. A
wider range of softer and smaller coils facili-
tates the treatment of small ruptured aneu-
rysms. Balloon assisted techniques and aneu-
rysmal neck-bridge devices may allow occlusion
of wide-necked aneurysms that were previously
difficult to treat 20-25. The safety of adjunct meth-
ods or of new devices has not been compared to
standard platinum coils. This comparison may
not be possible with tools that permit treatment
of lesions that would otherwise not be fa-
vourable for coiling and selection bias forbid di-
rect or historical comparisons 24,25. Since the ben-
efits of the endovascular approach can easily be
negated by a relatively small increase in risks,
the favorable results shown by the ISAT trial
cannot be extrapolated to lesions that necessi-
tate more sophisticated interventions.

The impact of endovascular approaches on
the management of patients with intracranial
aneurysms will continue to increase to the ex-
tent that long-term efficacy will be improved,
without significant compromise regarding safe-
ty. For this purpose coils with surface modifica-
tions have recently been introduced 26-28. Plat-
inum has been coated with resorbable or hy-
drophylic polymers. Another method is in situ
beta radiation 29-31. Now we are dealing with new
embolic agents that do not bring any benefit to
the immediate care of the patients. In fact, these
modifications may jeopardize the initial success
of the procedure and may involve new types of
complications. The recently demonstrated ben-
efits of endovascular treatment, as compared to
surgical clipping, may no longer apply.

We have proposed a randomized multicentric
study on the safety and efficacy of 32P ion-im-
planted platinum coils. Independent reviewers
from Canadian Institutes of Health Research
approved the design of this study. Many aspects
of the design of this trial are not specific to ra-
dioactive coils. The goals of the present article is
to review the design of clinical trials for the
evaluation of new embolic agents that could im-
prove the long-term efficacy of endovascular
treatment of intracranial aneurysms.

Preclinical Studies

From an ethical and practical point of view,
clinical trials should be preceded by appropri-
ate preclinical studies. At first glance this work
may seem to be the responsibility of research
investigators, industrial sponsors or regulatory
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agencies. Because endovascular approaches to
neurovascular diseases are recent, standardized
methods and models are not available or recog-
nized as such; many notions that are inspired
by invasive cardiology or vascular surgery may
not apply to endovascular treatment of aneu-
rysms: for example, porcine models are routine-
ly used for the evaluation of coronary stents
and are required for applications to regulatory
agencies. Their strong propensity for sponta-
neous thrombosis and exhuberant neointima
formation, useful in the context of restenosis
research, forbids their use to predict the safety
of embolic agents 32 or their efficacy in decreas-
ing recanalization 5,33-35. There is no consensus on
in vitro models that can reliably predict the
thrombogenicity of materials or new tools as
they will be used in the clinical arena and the
coagulation cascade and platelet functions dif-
fer widely between species, without any defi-
nite indication regarding which is most likely to
reproduce the human context 36-41.

One may wonder how the recent coil modifi-
cations could be approved by agencies without
any clinical study supporting their safety, but
many new devices are submitted with the claim
“same as predicate device”, while there is no
peer-reviewed scientific information published
on the subject. It is unfortunately only after
thousands of patients have been exposed to the
new devices that significant differences (such
as excessive friction within microcatheters with
difficulties in completing angiographic occlu-
sion of aneurysms, as well as concerns for
added immediate thromboembolic complica-
tions) that this information is disclosed 42-44.

Clinical investigators should therefore dili-
gently and critically review the preclinical safe-
ty data. In the future, this could possibly be
done with the help of a panel of experts issued
or gathered from universities, international fed-
erations or regional associations. No matter
how favourable the results of the preclinical
safety data may be, the evaluation of the poten-
tial risks associated with the new technology as
compared to standard tools should always be
included in the design of clinical trials.

The Proposed Trial

Quality criteria for clinical trials include cle-
arly defined hypotheses, explicit description of
methods, uniform data analysis, but most of all,
a valid design. A valid design means that “the

trial is made independent, objective, balanced,
blinded, controlled, with objective measure-
ments” 46.

The optimal trial is a randomized, double
blind, multi-center, prospective, controlled trial
comparing the new generation coils to standard
platinum coils. All patients with an intracranial

Figure 1 Type of recurrences. A) Initial results: complete
obliteration; B) A first follow-up angiogram shows a mini-
mal or ‘minor’ recurrence; C) A second follow-up angiogram
demonstrate a recurrence of a size sufficient to consider re-
treatment; we have labelled this type a ‘major’ recurrence.

A

C

B
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aneurysm eligible for endovascular treatment
would be proposed to participate.

The study would be conducted in 10-15 cen-
ters. The entire study would enrol approximate-
ly 500 patients equally divided between the two
groups. The duration forecast of the study
would be four years, the first two years being
for patient recruitment plus a minimum of 18
months of follow-up.

Why Are Randomized Trials Needed?

The incidence of recurrences after endovas-
cular treatment with standard platinum coils
has been estimated at 15%-30% at 18 months 11-17.
Despite this drawback, an increasingly large
number of patients are being treated with en-
dovascular techniques, more than 1000 each
month worldwide. Platinum coils can improve
the outcome of patients treated after a rupture,
and the technique is standardized and mas-
tered throughout the world in specialized cen-
tres. The risk of recurrence is the main reason
why many patients, particularly in North Amer-
ica, although eligible for endovascular coiling,
are still being treated with a more definitive di-
rect neurosurgical approach 16. It would be very
difficult to improve the safety of the endovas-
cular procedure, or at least to prove such a pre-
tension would need a very large-scale study.
There is no question that efforts in this field
should focus on improving long-term results,
but without increasing risks significantly.

New coils are now beyond the stage of a pi-
lot study. Despite the increased costs of these
new devices and the pressure from the industry
to offer these alternatives to our patients, there
is no scientific proof that they perform any bet-
ter than conventional platinum coils in clinical
practice. Worse, they may introduce new tech-
nical difficulties such as friction within micro-
catheters and difficulties in coil positioning.
Their use could in theory lead more frequently
to incomplete initial occlusions, associated with
early rebleeding when lesions are treated after
a rupture. Immediate thromboembolic risks
may also be increased with surface modifica-
tions that have poorly characterized effects in
the human neurovasculature 43. Thus these new
embolic agents should first demonstrate, within
the controlled environment of scientific trials
of a sufficient scale, safety characteristics that
are equivalent to platinum coils, before consid-
ering a widespread application.

The need for randomization to reduce bias is
so obvious that many funding agencies will not
even consider supporting a non-randomized
trial. During the second phase of a non-ran-
domized feasibility study on radioactive coil
embolization of aneurysms, we widened inclu-
sion criteria to assess the feasibility of the stra-
tegy in ‘standard’ aneurysms, but selection bias
for patients at high risk of recurrence persisted 29.
This anecdote illustrates that clinical trials
should be designed in such a way that selection
bias can be minimized.

What Are the Methods
for Protecting against Bias?

Classic bias such as selection bias or infor-
mation bias can be dealt with by randomizing
patients and strict blinding. Random allocation
of treatment is best for insuring internal validi-
ty and is the best approach to control for con-
founding and selection bias. To control more
carefully co-interventions that may differ from
one center to the other or the fact that indica-
tions for choosing the endovascular approach
as opposed to open surgical techniques may
vary from one center to another, of from one
country to another, randomization may be stra-
tified by centre; moreover, stratification by the
initial presentation status (ruptured or not) al-
lows good control for an important risk factor,
the ruptured nature of the lesion, at design lev-
el 11. Patients should be randomly allocated  (at
each center) in one of two groups, perhaps us-
ing a computer table of random numbers: a)
standard coil group and b) test embolic agent
group. Randomization could be centralized and
blocked with blocks of size two and four ran-
domly distributed.

Blinding, when possible, is another funda-
mental measure to decrease bias. A double-
blind strategy is possible with the radioactive
coil strategy; blinding of radioactive sources has
previously been done in other clinical trials 47.
Non-radioactive coils may be labelled with
“phantom activities”. Blinding also assures a
more objective interpretation of follow-up an-
giograms. Blinding may not be possible for oth-
er embolic agents; other means become critical
to minimize bias.

Selection of a “special population” may in-
troduce bias and affect the generalization of
the results but it is less likely if all patients con-
sidered for endovascular treatment are eligible.
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Inclusion of ruptured aneurysms, which neces-
sitate urgent treatment, is also important to
minimize selection bias. To ensure that investi-
gators do not selectively enroll patients with a
high risk of recurrence, all patients treated by
the endovascular route and not recruited for
the study, and reasons for exclusion, should be
followed in all participating centers.

Finally, control variables should be measured
and compared between treatment groups in or-
der to ensure group comparability (initial an-
giographic success, periprocedural events, dis-
ease characteristics).

Inclusion / Exclusion Criteria

Trials designed by the industry often include
a long list of exclusion criteria in the naive ex-
pectation that such a selection could protect
against negative results. A new coil that will
have been shown more effective than current
platinum coils is likely to be offered to a broad
spectrum of patients, or could even find a uni-
versal application. In order not to affect gener-
alization of results and to have a significant im-
pact, a randomized study should target virtual-
ly all patients eligible for endovascular treat-
ment and exclusion criteria should be kept at a
minimum.

The inclusion and exclusion criteria that
have been proposed for a randomized trial are
shown in table 2.

Treatment of unruptured aneurysms remains
controversial and the results of a study limited
to these lesions would not necessarily apply to

ruptured aneurysms. Focusing on certain risk
factors known to be associated with recur-
rences (large aneurysms with wide necks for
example) could permit to increase the expected
rate of recurrence of the control arm and per-
haps decrease the size of the study necessary to
demonstrate a statistical difference. However,
results would then only apply to these selected
patients. Furthermore, at the time of the study
design, the subgroup of patients that would
benefit most from the new device is rarely
known; if a modified coil is able to improve
long-term results only if the initial obliteration
is complete, selection of wide necked aneu-
rysms may be counterproductive, as they are
more often associated with residual lesions 11.

There is no reason to exclude elderly pa-
tients and the life expectancy does not need to
exceed the follow-up period 45; bleeding epi-
sodes after coiling have been seen in patients
that had been judged too old to necessitate a
control angiogram, and rebleeding after recur-
rences have occurred within a year of treat-
ment 11-17.

Primary and Secondary
Outcome Measures

The primary outcome determines the size of
the population to be studied to reach statistical
significance (see below). New coils or embolic
agents are meant to improve long-term results.
Thus the primary outcome should be the recur-
rence rate. For the sake of a clinical trial, a re-
currence could be defined as 1) a radiographic

N1 N2 P1 P2 Null Alternative
hypothesis hypothesis

Safety 176 176 0.10 0.20 P1 = P2 P1 < P2

381 381 0.05 0.10 P1 = P2 P1 < P2

Efficacy on angiographic 218 218 0.10 0.20 P1 = P2 P1 <> P2*

recurrences 474 474 0.10 0.05 P1 = P2 P1 < > P2*

Efficacy regarding 2021 2021 0.02 0.01 P1 = P2 P1 > P2

long-term bleeding 4071 4074 0.01 0.005 P1 = P2 P1 > P2

Two proportions Power Analysis using one-sided or two-sided* Chi-square tests with continuity correction (a = 0.05; b = 0,20).
N1 and N2 are the sample sizes necessary to demonstrate a significant difference between proportions P1 and P2;

for example, 474 patients are necessary to demonstrate that the observed recurrence rate of 10%
in the control group has been decreased to 5% by the new device

Table 1  Sample sizes for clinical trials
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recurrence of the lesion or 2) an intracranial
bleeding or rebleeding episode or 3) retreat-
ment of the same lesion by endovascular or
surgical means during the follow-up period. Al-
though the clinical significance of angiographic
recurrences remains to be determined, the pri-
mary outcome cannot be limited to haemor-
rhagic events, estimated to be quite rare, in the
range of 0.1-1% per year. A comparative ran-
domized trial designed to improve on haemor-
rhagic events would necessitate unrealistic
sample sizes (thousands of patients) and fol-
low-up periods (see table 1).

Concerning the radiographic evidence of a
recurrence, the angiographers at each partici-
pating center would ensure that best projec-
tions showing residual necks at the time of
treatment are repeated during follow-up evalu-
ations. Ideally, two independent neuroradiolo-
gists, members of an adjudication committee,
blinded to the treatment groups, would deter-
mine the presence of an angiographic recur-
rence. If any progression of the residual lesion
could be labeled a recurrence, a choice that
would increase sensitivity, recurrences could be
further divided into minor or major, that is of a
size that would ideally necessitate retreatment,
in an effort to increase specificity 11 (figure 1).
Angiographic results should also be scored in a
standardized fashion and compared between
the two groups, both initially and at follow-up.
We have proposed a classification system for
initial angiographic results that has shown to
have a predictive value for recurrences 7,11.

If the primary endpoint is the recurrence
rate, then secondary endpoints will consist of

the initial angiographic results as well as safety
data (mortality rate, number of adverse events,
severity of adverse events, radiation safety for
example). Morbidity and mortality may be con-
sidered as secondary endpoints because we do
not expect to demonstrate a significant differ-
ence between the two groups.

The death rate should be recorded for the in-
tent-to-treat analyses. Mortality can be catego-
rized as being a/ related to the illness, b/ related
to coil embolization or c/ related to radioactiv-
ity or to the new material being tested.

A morbid event is defined as an adverse
event of any severity being possibly or proba-
bly related to the disease or to the treatments
and happening during the follow-up period.
The distinction between morbidity related to
disease, to treatment or to the tested agent is
not always clear but should be determined by
an independent monitoring committee. The in-
tegration of the operative morbi/mortality in
the primary outcome would be necessary if the
goal of the new embolic agent was to increase
the safety of the procedure; if the primary goal
is to improve long-term angiographic results,
such integration would only confuse the data.
Because long-term angiographic results could
be considered “surrogate endpoints”, as com-
pared to late bleeding episodes, longer follow-
up periods may be proposed after a positive tri-
al to ensure that clinical benefits persist 45.

Initial Angiographic and Therapeutic Success

We have included the initial angiographic
and “radiotherapeutic” success of the procedu-

Inclusion • At least one documented intracranial aneurysm, ruptured or unruptured

• Target aneurysm is suitable for endovascular treatment with coils

• Patient aged 18 or older

• Life expectancy more than 2 years

• Patient or legally authorized representative has signed consent form

Exclusion • Hunt and Hess grade V after subarachnoid haemorrhage

• Any absolute contraindication to endovascular treatment, angiography,

or anesthesia such as severe allergies to contrast or medications

• Patients with lesions that need to be treated urgently and that present

morphological characteristics unsuitable for prepared coils.

Table 2  Inclusion / Exclusion criteria
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re as secondary endpoints. At each step of the
procedure the clinician will have a choice to
use “test coils” or coils outside the study kit to
start or to finish the embolization procedure, in
order to guaranty the same safety and immedi-
ate efficacy as the standard procedure. For eth-
ical reasons, the initial angiographic success of
the procedure using the new coils should be
similar to the one obtained with the standard
platinum coils. On the other hand the notion of
a ‘therapeutic’ endpoint is necessary for the in-
terpretation of future results, as well as for the
interim analysis of the feasibility of the trial 48.

The introduction of a single radioactive,
bioabsorbable or polymeric coil within a large
mass of platinum coils is probably insufficient
to alter the biological evolution of lesions. For
radioactive embolization of aneurysms, the ini-
tial radiotherapeutic success or failure of the
procedure would be determined by the core
laboratory after reviewing angiographic im-
ages, volumetric measurements and coils as
recorded in the data collection sheets 29. An ini-
tial therapeutic endpoint could be designed for
hydrophilic coils that were meant to more
completely pack the aneurysmal cavity: the
success in reaching a certain ‘packing density’
for example. There is currently no rationale for
the minimal number or length of bioab-
sorbable coils to be introduced to reach a ther-
apeutic effect 49.

Sample Size

Depending on publications and selection
bias, the rate of recurrence has been estimated
at 10 to 30% 11. If any type of recurrence is in-
cluded, numbers may be higher but the clinical
significance of the trial may be the subject of
discussions and criticisms. Thus we hope that
new coils will decrease the proportion of siz-
able or ‘major’ recurrences found in approxi-
mately 20% of cases in one study 11 (figure 1). A
sample size of 218 patients in each group is suf-
ficient to demonstrate a drop of recurrences
from 20 to 10% with an alpha error of 5% and
a beta error of 20% (table 1).

We believe this improvement would be clini-
cally significant but still achievable, while more
ambitious goals may be impossible when one
considers difficulties involved with residual le-
sions after treatment, wide necked and large or
giant lesions.

The rate of loss to follow-up in a recent ret-

rospective study was 20% within 18 months,
mainly due to the mortality related to the ini-
tial haemorrhage 11. Thus we have to compen-
sate for a 20% mortality rate in patients treat-
ed during the acute phase after rupture (proba-
bly 50% of patients) since those subjects will
not have data on the primary endpoint. We also
have to expect that in 5% of randomized pa-
tients the initial endovascular procedure will
fail (they will be treated by open surgery or re-
main untreated) and 5% lost at follow-up. To
compensate for patients that will not con-
tribute to statistical comparison of the per-pro-
tocol populations (and to a lesser degrees the
intent-to-treat population), we believe that a
total number of 500 patients (250 in each
group) should be planned to reach the desired
statistical power.

This sample size would also ensure with sta-
tistical credibility that complication rates have
not been doubled with the new agent. Such a
sample size is clearly feasible when one consid-
ers that some new coils have been used in
more than 1800 patients world-wide and yet
there is still no clear indication of their safety
nor efficacy 50.

Type, Frequency and Duration of Follow-ups

For the analysis of the safety data, clinical ex-
aminations may be recorded at 24 hours, at dis-
charge and in a delayed fashion (six and 18
months for example). Follow-up CT-scan or
MRI if possible could be performed at 24h or
before discharge to detect silent periprocedural
events.

Adverse events can be recorded immediately
after the procedure and during the 18-month
follow-up period. Clinical assessments should
include a standardized evaluation such as the
Modified Rankin scale at six and 18 months.
Yearly clinical and imaging controls should be
done later on to assess possible delayed ad-
verse events associated with certain strategies
such as beta radiation 29.

We have chosen to perform angiographic
studies at six and 18 months. Transcatheter an-
giography remains in our centre the gold stan-
dard to study residual lesions after coiling or
clipping 11. The commonly recommended six
month follow-up angiogram is not sufficient to
detect most recurrences 11 but remains impor-
tant to preserve a standard way of minimizing
risks of rebleeding by retreatment of early re-
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currences. To limit the follow-up to 6 months
would weaken the pretension to improve
“long-term” results, decrease the incidence of
the primary endpoint and necessitate recruit-
ment of a larger number of patients for statisti-
cal power (table 1).

Proposed Analyses

A first analysis after 40 or 50 patients may
serve as the ‘pilot or feasibility study’, as sug-
gested above. This initial analysis may confirm
that the rate of ‘radiotherapeutic’ or therapeu-
tic success (for other types of surface modifica-
tion) is at least 80%, that the initial angio-
graphic success is comparable to controls and
that there are no unexpected complications re-
lated to the use of the new coils.

Interim analysis could be performed yearly
on safety data. Interim analyses may also be
planned at mid-point (250 patients, 18 months
of follow-up) on primary outcome and the re-
sults are reviewed by the data Safety and Mon-
itoring Committee (see below).

A review of all analytic methods that could
be used is beyond the scope of this article. De-
scriptive statistics should be done on demo-
graphic variables and pre-operative and peri-
operative data. Means, standard deviations and
range can be presented for quantitative vari-
ables and frequency tables for categorical vari-
ables. Those statistics may be broken down by
center and by treatment arm. Comparability of
the groups can be assessed through indepen-
dent ANOVAs (quantitative data) or Mantel-
Haentzel and Chi-square tests (categorical da-
ta). Assuming comparability of groups across
centers, the primary outcome, recurrence rates
(for both intent-to-treat end per-protocol popu-
lations) could be compared between groups
through a z-test for independent proportions at
six months and 18 months. In order to describe
how and when recurrences occur, Kaplan-Meier
analysis of the recurrences may be done and the
“survival” functions compared graphically and
using a log-rank statistic. Secondary outcomes
and safety data may be compared between
groups through independent t-tests (quantita-
tive variables) or Chi-square statistics (categor-

ical data). The analyses of neurological data at
follow-up will control for baseline data when
possible (for tests done before discharge and at
follow-up) using logistic regression, ANCOVA
or Cox regression multivariate models. All tests
should be done at the 0.05 level of confidence.
A logistic regression may be performed in order
to find variables capable of predicting recur-
rence in both groups at six months and 18
months. The possible predictors may include the
status of the aneurysm (ruptured vs. unrup-
tured), location, size of the aneurysm (large vs.
small), size of the neck of the aneurysm (wide
vs. narrow), as well as other baseline character-
istics 11. The method planned is a stepwise for-
ward with alpha < 0,05 to enter a predictor.

Trial Management

To preserve the credibility of clinical trials,
data safety monitoring committees should be
independent from investigators or industry 45-46.
To ensure that the design of trials is not biased
in favor of the new device, clinical investigators
could consult associations or federations that
should in the future make necessary efforts to
provide a reviewing structure to assess the sci-
entific and ethical aspects of trials.

Impact of Randomized Trials and Conclusions

Controlled randomized trials are necessary
to assess the safety and efficacy of new tools
designed at improving the efficacy of endovas-
cular treatment of intracranial aneurysms. New
embolic coils should increase efficacy without
significantly changing the current safety of coils
and without changing the expertise of the inter-
ventionist, which has now been mastered over
the last ten years throughout the world. If such
a well-designed trial demonstrates an increased
efficacy and a safety similar to standard plat-
inum coils, then and only then could this new
material be offered to most patients treated us-
ing the endovascular route. Because many pa-
tients are still being treated by open surgery
because of the fear of recurrences, this im-
proved endovascular treatment could in the fu-
ture apply to more patients with intracranial
aneurysms.
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